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SCC4MARY

Calculationshavebeentie oftheinitialinclinationofthemixing
boundaryseparatinganexhaustingsupersonicjetfroman externalsuper-
sonicstreamasa functionof Jetstatic-pressureratio.Thecalculations
sxebasedon a ratioof specificheatsof7/5fortheexternalstresm
and9/7forthejet. Theresultsarepresentedin curveformsndcover~
intermsof theconditionsimmediatelyaheadoftheJetexit,thefoUowing
rangeofvsriables:boattailsndnozzledivergenceanglesfrom@ to 200,
externa~-streamMachnumbersfrom1.2to 3.0,jetMachnumbersfrom1.0.
to 3.0,andjetstatic-pressureratioswithintheapproximateinviscid
limitsforsupersonicflow,exceptatthehigherjetandstresmMachnum-
berswherethecalculationswereterminatedsomewhatshortoftheselimits.

INTRODTXWION

Whena propWive jetexhaustssupersonicallyintoan ambientsuper-
sonicstream,a mixingboundaryism?d thatsepsratesthejetflow
fromtheanbientstresm.Theinitialinclinationofthisboundaryhme-
diatelydownstreamof theexitisimportantto jetinterferenceeffects
producedintheambientstreamandtothejetstructure’scontribution
tothisinterferencesficetheinitialinclinationestablishesthebase
fromwhichallotherflowphenomenamaybe consideredtodevelop.Once
thisinitialinclinationisknown,thetwo-dimensionalnatureoftheflow
exactlyattheexitpermitsalltheinitialflowphenomenaandproperties
oftheflowimmediatelydowmstresmofthejetexittobe easilydetermined
fromtablesad chartssuchasthosegiveninreferences1 to 4. A con-
servativeestimateoftheupperlimitof theinterferencepressureandof
thebeginningoftheinterferencepressurefieldproducedinthesmbient
stresmby thejet~spresenceisthusresililyobtained,as arethebasic
values fora rigorouscalculationoftheinterferencefield.
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Inreference4,resultsoftheoreticalcalculationsarepresented
whichshowtheeffectupontheinitialinclinationofthemixingboundary
andupontheinitialinclinationof theexitshockproducedintheambient
stre~offree-streamMachnumber,jetMachnumber,ratioof specificheats
ofthejet,andjetstatic-pressureratio.Thecalculationsofreference4
correspondto a btiseannul.usthicknessof zero,noboattailing,andto a
nozzledivergenceangleof zeroimmediatelyE&eadoftheexit. (Jetflow
andsmibientflowareparallelimmediatelyaheadofexit.)Thepuzpseof
thepresentcalculationsisto extendtheresultsofreference4 to a
vs.rietyof combinationsofboattailangleandnozzledivergenceangle.
Thepresentresultsarebasedupona ratioof specificheatsof7/5
forthefreestreamand9/7forthejet;thelatterratiowasselected
becauseit isgenerallyrepresentativeofhotjetsandbecauseofthe
availabilityoftabulatedvaluesof someoftherequiredflowproperties
forthisratio.Thecalculationscoversmbient-streamMachnumbersof1.2,
1.5,2.0,2.5,and3.0attheboattailsurfaceimmediatelyaheadofthe
exit,jetMachnumbersof1.0,1.5, 2.0,2.5,and3.0atthenozzlesur-
faceimmediatelyaheadoftheexit,nozzledivergencesinglesandboattall
anglesrsngingfrom0° to 20°irmn6diatelyaheadoftheexit,apdjetstatic--
pressureratioswithintheapproximateinvlscidlimitsforsupersonicflow,
exceptatthehigherjet
wereterminatedsomewhat

andstresmMachnuniberswherethecalculations
shortoftheselimits.

SYMBOLS

boattailsngleimmediatelyahesdof jetexit,deg

nozzledivergenceangleimmediatelyaheadof jetexit,deg

staticpressure

ratioof specificheats

Machnumber —- .—

initialinclinationofmixingboundsry(positivewhenitdiverges
withrespectto jetaxis),-deg

Subscripts:
●L

3 valueatnozzlesurfaceimmediately

.-

aheadof jetexit

●

✌✎

.

—

m value-atboattailsurfaceimmediatelyahead,of jetexit .

—
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ANALYSISANDREsurms

AnalyticalConsiderations

Particularattentionisdrawnto theconditionsofthisanalysis.
Considerthesegmentofthegeneralboattail.edfuselageor nacelleshown
infigurel(a).Therigorouspointof analysiscoverstheinfinitesimal
regionimmediatelyupstreamofthejetexitendad~acenttotheboattail
andnozzlesurfaces,andimmediatelydownstreamofthejet“exit;the
initialvaluesmustconformto theseconditionsinusingtheresults.
Thepointof analysisismagnifiedinfigurel(b)andindicatesthe
initialratioof specificheats,Machnumber,andstaticpressureofthe
ambientflowandofthejetflow.Onlypositivevaluesof ~ and 6
willbe considered,positive~ denotingconvergenceoftheboattail
andpositivee denotingdivergenceofthenozzleb theconventional
senseas indicatedinthefigure.Theinitialconditionsimply,of course,
thattheambientflowisinclinedattheangle 13andthatthejetflow
isinclinedattheangle e. Thesignconventionfortheinitialdeflec-
tionofthejetormixingboundarybj isalsoindicatedinfigurel(b).

Thevalueoftheinitialdeflectionbj is a function ody ofthe
initialpropertiesintroducedabove.If 13and 6 arebothzero,one

PJ>l =hoc ~
maytisualizethatwhen k originatingatthejetexitis

Pm
introducedintothesnibientstream(exclu&g & = 1) andanexpansion
centeredatthejetexitisintroducedintothejet;theconverseistrue

~= 1,the$etandaribient
.

for ~ <1 (excludingM~=1). Exactlyat
m Pm

s flowarefreeofthesedisturbances,and bj= o. However,if j3 and/ore

Pj
arenotzero,thenthevalueof bj at ~= 1 isalsonotzero,anda

disturbanceisalwaysintroducedintheje~or inthe‘ambientflowod in
both. Thetypeofdisturbancephenomenonthatoriginatesatthejetexit
andisintroducedinthejetand/orintheambientflowmaybe logically
reasonedas follows.

In anbientflow:

(5j+~)>0 Shock
)

(bj+p)=o None (1)
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In jetflow:

(bj - e) >

(bj - e) =

(5J - e) c

‘d theWithincreasing~
m

vsryinthefollowingmanner,
thejetandthesecondtothe
none,shock-shock,none-shock,

o Expansion
1

0 None
}

NACARML55J14

(2)

o Shock
J

generalphenomenaforfinitep and/or e

thefirstgivenphenomenonpertainingto
ambientstream:shock-expansion,shock-
~dem~sion-shock. (Tke”mecialcases

.

of Mj or & = 1 offerexceptions.~

Thedeterminationofthevalueof ~j isbasedupontherequirement
thatthestaticpressuresonbothsidesofthemixingboundsrymustbe
equal.Fora givensetof initialconditionsthereisnoexplicitsolu-
tionfor 53. Inthepresentcalculationsvaluesofflowdeflectionwere
assumedandappliedtothejetor ambientstreamas indicatedinthepre-
cedingparagraph.

Pj
andvaluesof —

Pm
k, ~, and O by
andby rotationof

Essentially,therefore,valuesof 8j wereassti

werecalculatedfor variousinitialvaluesof Mj,
.

appropriateuseoftheshockandexpansionequations
axes(paraUelto Q orto ~).

.

Results

Theresultsofthecalculationsarepresentedinfigures2 to 6.
8 —

Thecurvesforallvaluesof Mj areshowntogetherfora particular
valueof & anda particularcombinationof ~ and e. Thecurvesfor
a particularcombinationof ~ and f3canbe simplyconvertedtothose
applicabletotheinfinitenumberof combinationsof ~ and O thatmay
be formedtogivethesamesumof j3+ e,providedboth.P and Elremain
positiveaccordingtotheoriginalconvention,Fortismple,curvesfor
P 10° and e = 0° canbe madeapplicableto ~ = & and O = 2°,
13~5°and.8=50j ~=oo ande= 10o,andsoforth,becauseby
maintainingthesumof ~ -1-8 constant,oneismerelyrotatingtheinfin-

—

itesima~ smallfragmentoftheboattailand-nozzlestrrfacedepictedin
figurel(b)abouta pointformedbythejunctureofthebo~ttailandnozzle ““ <
surfaces,andistkreforenotalteringtheotherfitid quantities. .-
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U remainsunchamged,andthevalueofAccordingly,thevalueof 5J
Pm ,

chsngesby theamountthat @ (or e)waschanged.Forexsmple,if j3
weredecreased5°, 5J wouldincrease5°. Equations(1)and(2)for
determiningthetypeofdisturbancephenomenonarealsoapplicableto
theseconvertedvaluesof ~, e,a aj.

Thepresentresultsforfinitee and ~ showa similarityto
thoseofreference4 for e = 0° and ~ = @ in indicatinga small.
effectof Mj and,therefore,by thereversibilityoftheproblem,an
equallysmalIl_effectof I&. Althoughthepresentcalculationswere
basedon a baaeannulusof zerothickness,resultsshowninreferences4
and5 wouldappearto indicatethattheresultsofthepresentcalcula-
tionscouldbe satisfactorilyappliedto configurationshavingthinbase
annuli.

Thepresentcalculationsmayalsobe usedto obtainan ideaofthe
Pj

orderofmagnitudeof — forwhichseparationbeginstotakeplaceon
Pal

theboattailsurfaceor onthenozzlesurface.IftheV?iLLle of
(bj+ P)>0 andexceedsthecriticalturningangleforseparation(see
ref.6) forthessmeinitialconditionsthatexistontheboattailjust
aheadofthejetexit,thenseparationmaybe expectedontheboattail
surface.Inlikemsmnerifthevalueof (bj- e)<0 andif aj - eI
exceeds thecriticalamgleforseparation(ref.6)forthesameinitial.
conditionsthatexiston thenozzlejustaheadofthejetexit,then
seps&ationmaybe expectedon thenozzlesurface.

CONCLUDINGREMARKS

Calculationshavebeenmadeoftheinitialinclinationofthemixing
boundarysep~atinganexhaustingsupersonicjetfroman externalsuper-
sonicstreamas a functionof jetstatic-pressureratio.Thecalculations
arebasedon a ratioofspecificheatsof7/5fortheexternalstresm
and9/7forthejet. Theresultsme presentedin curveformandcover,
in termsor theconditionsimmediatelyaheadofthejetexit,thefollowing
rangeofvariables:boatt’ailsmdnozzledivergenceanglesfrom0° to 20°,
externa.l-stre~Machnunibersfrom1.2to 3.0, jetMachnumbersfrom1.0
to 3.0,sndjetstatic-pressureratiostithintheapproximateinviscid
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limitsforsupersonicflow,
herswherethecalculations

exceptatthehigherjetandstreamMachnum- .
wereterminatedsomewhatshortoftheselimits.

●

L

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics, t

LangleyField,Vs.,Septeniber29,1955.
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Pointof analysis7
_ Jet axis

(a)Locationofpointof analysis.

Mixing boundariesfor positive
\ and negative deflection

Pj
L

Yj Parallel to jet axis

(b)Magnificationofpointof analysis.

Figurel.-Conditionsof analysisusedinpresentcalculations.
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Figure 2.- The effectsof jetstatic-presmreratiou~n theinltid.
inclinationorthetixingb~ at & = 1.2.
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Figure3.-TheeffectsofjetStatic-pressureratioupsntheinitial
Inclinationofthemhclngboundaryat & = l.’j.
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1’ Figure 3.-Continued..

I
,.

. , . .
,“

,: Id 11 /.!,! ,,L, , m’. ,. h ,,il : ‘, ,1. , ‘h”’’”””’



, ,
,

1 , 1 1 1 , 1 , , , 1 1 ,

, = o“,t9=lo0

1.21,41.6,8202224 26

I I I I I I I I I I
/

P]/Pm

Figure3.-Continued.
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Figure3.-Concluded.
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Figure4.- The effects of jetstatic-pressureratiouponthelniti.sl
inclinationofthemixingbom at l&= 2.0.
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Figure4.- Ccmthued.

I-J
4=



. ,

2

Figure4.-Continued.
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Figore4.-Cent-.
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Figure4.-Continued. ~
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Figure~.-Theeffectscfjet static-pressureratioupontheinitial
inclinationofthemixingbouukuyat & = 2.5.
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Figure.5.- Continued. P
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Figure 5.- Continued.
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Figure5.-Continued.
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Figure6.-TheeffectsofJetBtatic-pressureratioupontheinitial,
ticlirdzlonofthemixingboundaryat ~ = 3.0.
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Figure6.-Continued.
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Figure 6.- Continued. 1
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